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ABSTRACT

The purpose of this study.was:to, establish a mathematical model for
analysis of jetting phenomena occurred:in injection molding of thermalplastics.
In the analysis, the widely ued software Flow, 3D was selected for simulation, in
which the Cross WLF viscosity model'was transformed to the Carreau viscosity
model by Table Curve 3D software...Four parameters, namely, gate thickness,
gate velocity, resin temperature and mold surface roughness were chosen for
study its effects on the jetting in injection molding.

The results showed that the temperature of the polymer near the mold wall
was higher than that in the front, this phenomena may arise from the shearing
stress between the mold wall and polymer flow polymer. In addition, when the
material temperature was high, the effect of the mold surface roughness on the
jetting was dominated by the gate velocity. When the gate velocity is smaller
than 2 m/s, increasing the mold surface roughness caused the polymer flow
length/width ratio to reduce. When the gate velocity was faster than 4 m/s,
increasing the mold surface roughness would cause the polymer flow

length/width ratio to increase.
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Formation of jets of material Jetting on a flat transparent part

B 2-2 3 4 G oA cha AR

22




Gate from
rmain runnet

-«——Tah

Part (_\
Tab gate

] 2- 3 Use tab gate to solve jetting

/ Fan gate

Bl 2- 4 Use fan gate to solve jetting
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-
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Model Design

Filling Analysis

Thermal Analysis

Result Output
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BE~Za kS 2 HEBIEET - - S hFAok ARER 5 0 H
FPFAE S G ME- B L ERRT BEY o ok i S 2E A
@’%&gﬁm@ﬁﬁ,w@@ploﬁiﬁﬁiéﬁ A 1)

4_4 R }::‘.Ev’grsl/)v\ L".,l ﬁ;*‘zj_—‘"_ mﬁq:/ - /é": o

(4) Meshing & Geometry & | euE B % ffacnfic § > 4of 4-5° &
FLOW-3D 2 A e Aj )k ez = 3 4 482 ;4 » 2 w5 FLOW-3D p 2= #i-
A ~ Mlﬁﬁ\%%IDEwﬁﬁﬁﬁuiAMWS%4%$%%°
P A1y (1 CAD #ck *"*'3" fa Al stlgh ez e 0 50 2 AR

7 7F# * Solidworks #2Z >4+ 127 19 ﬁs?'] osthAd = FLOW-3D i * o

(5) Boundaries % ¥ Ji i% #* arki@o % FLOW-3D 423 8 48 » 4§l
4-6 o B &FAF * TR 5 Wall ~ Symmetry ~ Specified velocity
Specified Pressure 4 & - Wall % £ cnZ 8/ 5 i E > P V4 g

B2 A 4 B Symmetry & A EE R Pl a2

yal;

PR A2 o § WAIPFEALRE T 0t Bl i Specified velocity i
* g b 47 heiE B Specified Pressure Bl * i B G A0 4R

oo BPIE R Z SRS DRI LR

(6) Initial 3 4= 45 0% 2 992K T 4ol) 4-7 &30 APV LS THE

34



A IR R o Ao BT E M R R R R4 o

2.Simulate 3 - £ & &R ip & 77 24727 T acliE LE B AR
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Q Model Setup ) —~ I simulate | Analyze | Display [ |

& GClobal Physics | Fluids | Meshing & Geametry | Boundaries Initial | Output NumaricsFl Finalize
&
»

N . Nt ariiads
Finish time [1.0 dnisfoce acking =
(& Fres suface or sha interface. & Oneflid

. Finish conditi Fow mode Mentor opti

 Finish time & Incompressitle ™ No mentorhelp

G  Compressible  Offer suggestions

L s I Steady stale accelerator " Offer suggestions and take action

{Nonphysical transients)
Finish fraction 0

Title
This is a sample input file
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o el FREEL L T B
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Q Model Setup I simulate | Analyze | Display |
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- B - 7o
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Eit R
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Projest Diagnostics Prefersnce Units Utlities Tsb Help _18] x|

Q Model Setup | Simulate | Analyze | Display |
Global | Physics | o Fluids | Meshing & Geametry | Boundaries Initial | Output Numerics | Finalize
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for Laminar Flow for Turbulent Flow
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Bl 4- 17 Typical enthalpy-temperature curve for a polymer [26]
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341 WS R i

Jetting Simple uniform filling

Material POM POM
Resin temperature('C) 190 190
Mold temperature(°C) 80 80

Injection velocity(mm/s) 30 15
Injection Pressure(Pa) 5600 5300
% 422 F &AL A
Level - = = P

Aspect ratio 1.25 3 4 —

Velocity(m/s) 1.0 2.0 3.0 4.0

Temperature(C) 295 315 325 —

Roughness( 1z m) 0 0.4 0.8 1.2

Aspectratio: & & B /& 5 R Gt B
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# 4-3 PC LEXEN 141 z_ ## 4

TYPICAL PROPERTIES TYPICAL VALUE UNIT
THERMAL
Vicat Softening Temp, Rate B/50 154 T
HDT, 0.45 MPa, 6.4mm, unannealed 138 T
HDT, 1.82 MPa, 6.4mm, unannealed 132 T
CTE, -40°C to 95°C, flow 6.84E-05 1/°C
Specific Heat 1.26 J/g-C
Thermal Conductivity 0.27 W/m-C
Relative Temp Index, Elec 130 T
Relative Temp Index, Mech w/impact 130 C
Relative Temp Index, Mech w/o impact 130 T
PHYSICAL
Specific Gravity 1.2 -
Specific Volume 0.83 cm3/g
Density 1.19 g/cm3
Water Absorption, 24 hours 0.15 %
Water Absorption, equilibrium; 23°C 0.35 %
Water Absorption, equilibrium, T00°C 0.58 %
Mold Shrinkage, flow, 3.2 mm 0.5-0.7 %
Melt Flow Rate, 300°C /1.2 kgf 10.5 g/10 min
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#.4-4 PC LEXAN 141 2. @42 %8k

PROCESSING PARAMETERS TYPICAL VALUE UNIT
Injection Molding
Drying Temperature 120 C
Drying Time 3-4 hrs
Drying Time(Cumulative) 48 hrs
Maximum Moisture Content 0.02 %
Melt Temperature 295-315 C
Nozzle Temperature 290-310 T
Front-Zone 3 Temperature 295-315 T
Middle-Zone 2 Temperature 280-305 T
Rear-Zone 1 Temperature 270-295 T
Mold Temperature 70-95 T
Back Pressure 0.3-0.7 MPa
Screw Speed 40-70 rpm
Shot to Cylinder Size 40-60 %
Vent Depth 0.025-0.075 mm

% 4-5 HCE P20 42 M

P20 steel Properties value unit
Thermal conductivity 36.5 W/m-C
Specific Volume 0.462 cm”3/g

Thermal expansion factor 36.3 —
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ek B

$5L | Aspectratio | Si# <] | FUE | BEERER | /% Jetting
1 1.25 1.0 295 0 1.05 NO
2 1.25 1.0 295 0.4 1.77 NO
3 1.25 1.0 295 0.8 1.05 NO
4 1.25 1.0 295 1.2 1.05 NO
5 1.25 1.0 315 0 1.01 NO
6 1.25 1.0 315 0.4 1.1 NO
7 1.25 1.0 315 0.8 1.2 NO
8 1.25 1.0 315 1.2 1.25 NO
9 1.25 1.0 325 0 1.09 NO
10 1.25 1.0 325 0.4 1.2 NO
11 1.25 1.0 325 0.8 1.24 NO
12 1.25 1.0 325 1.2 1.5 NO
13 1.25 2.0 295 0 1.05 NO
14 1.25 2.0 295 0.4 1.05 NO
15 1.25 2.0 295 0.8 1.08 NO
16 1.25 2.0 295 1.2 1.09 NO
17 1.25 2.0 315 0 1.01 NO
18 1.25 2.0 315 0.4 1.05 NO
19 1.25 2.0 315 0.8 1.08 NO
20 1.25 2.0 315 1.2 1.09 NO
21 1.25 2.0 325 0 1.14 NO
22 1.25 2.0 325 04 1.14 NO
23 1.25 2.0 325 0.8 1.14 NO
24 1.25 2.0 325 1.2 1.2 NO
25 1.25 3.0 295 0 1.54 NO
26 1.25 3.0 295 0.4 1.14 NO
27 1.25 3.0 295 0.8 1.14 NO
28 1.25 3.0 295 1.2 1.14 NO
29 1.25 3.0 315 0 1.225 NO
30 1.25 3.0 315 0.4 1.225 NO
31 1.25 3.0 315 0.8 343 NO
32 1.25 3.0 315 1.2 1.14 NO
33 1.25 3.0 325 0 1.14 NO
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34 1.25 3.0 325 0.4 1.14 NO
35 1.25 3.0 325 0.8 1.14 NO
36 1.25 3.0 325 1.2 1.2 NO
37 1.25 4.0 295 0 1.54 NO
38 1.25 4.0 295 0.4 1.225 NO
39 1.25 4.0 295 0.8 1.225 NO
40 1.25 4.0 295 1.2 1.225 NO
41 1.25 4.0 315 0 1.225 NO
42 1.25 4.0 315 0.4 1.225 NO
43 1.25 4.0 315 0.8 1.225 NO
44 1.25 4.0 315 1.2 1.225 NO
45 1.25 4.0 325 0 1.225 NO
46 1.25 4.0 325 0.4 1.225 NO
47 1.25 4.0 325 0.8 1.225 NO
48 1.25 4.0 325 1.2 1.225 NO
49 3.0 1.0 295 0 2.18 NO
50 3.0 1.0 295 0.4 5.25 Yes
51 3.0 1.0 295 0.8 5.25 Yes
52 3.0 1.0 295 152 5.425 Yes
53 3.0 1.0 315 0 5.6 Yes
54 3.0 1.0 315 0.4 3.58 NO
55 3.0 1.0 315 0:8 2.96 NO
56 3.0 1.0 315 1.2 2.33 NO
57 3.0 1.0 325 0 3.78 NO
58 3.0 1.0 325 0.4 4.29 NO
59 3.0 1.0 325 0.8 4.6 NO
60 3.0 1.0 325 1.2 4.6 NO
61 3.0 2.0 295 0 2.26 NO
62 3.0 2.0 295 0.4 7.0 Yes
63 3.0 2.0 295 0.8 8.17 Yes
64 3.0 2.0 295 1.2 2.64 NO
65 3.0 2.0 315 0 4.57 NO
66 3.0 2.0 315 0.4 3.92 NO
67 3.0 2.0 315 0.8 3.92 NO
68 3.0 2.0 315 1.2 3.92 NO
69 3.0 2.0 325 0 4.9 NO
70 3.0 2.0 325 0.4 7.4 Yes
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71 3.0 2.0 325 0.8 7.2 NO
72 3.0 2.0 325 1.2 16.8 Yes
73 3.0 3.0 295 0 6.56 Yes
74 3.0 3.0 295 0.4 20 Yes
75 3.0 3.0 295 0.8 233 Yes
76 3.0 3.0 295 1.2 23.3 Yes
71 3.0 3.0 315 0 23.3 Yes
78 3.0 3.0 315 0.4 7.8 Yes
79 3.0 3.0 315 0.8 7.8 Yes
80 3.0 3.0 315 1.2 233 Yes
81 3.0 3.0 325 0 5.6 Yes
82 3.0 3.0 325 0.4 5.6 Yes
83 3.0 3.0 325 0.8 6.1 Yes
84 3.0 3.0 325 1.2 4.43 NO
85 3.0 4.0 295 0 10.27 Yes
86 3.0 4.0 295 0.4 9.1 Yes
87 3.0 4.0 295 0.8 8.2 Yes
88 3.0 4.0 295 N 8.2 Yes
&9 3.0 4.0 315 0 6.6 Yes
90 3.0 4.0 315 0.4 6.6 Yes
91 3.0 4.0 315 0.8 5.8 Yes
92 3.0 4.0 e L4 20.3 Yes
93 3.0 4.0 325 0 9.68 Yes
94 3.0 4.0 325 0.4 9.8 Yes
95 3.0 4.0 325 0.8 5.8 Yes
96 3.0 4.0 325 1.2 5.8 Yes
97 4.0 1.0 295 0 4 NO
98 4.0 1.0 295 0.4 4 NO
99 4.0 1.0 295 0.8 4 NO
100 4.0 1.0 295 1.2 4 NO
101 4.0 1.0 315 0 2.1 NO
102 4.0 1.0 315 0.4 2.1 NO
103 4.0 1.0 315 0.8 2.1 NO
104 4.0 1.0 315 1.2 2.1 NO
105 4.0 1.0 325 0 2.1 NO
106 4.0 1.0 325 0.4 2.1 NO
107 4.0 1.0 325 0.8 2.1 NO
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108 4.0 1.0 325 1.2 2.1 NO
109 4.0 2.0 295 0 3.15 NO
110 4.0 2.0 295 0.4 2.36 NO
111 4.0 2.0 295 0.8 2.36 NO
112 4.0 2.0 295 1.2 3.15 NO
113 4.0 2.0 315 0 23 NO
114 4.0 2.0 315 0.4 23 NO
115 4.0 2.0 315 0.8 2.45 NO
116 4.0 2.0 315 1.2 2.45 NO
117 4.0 2.0 325 0 2.975 NO
118 4.0 2.0 325 0.4 2.975 NO
119 4.0 2.0 325 0.8 3.15 NO
120 4.0 2.0 325 1.2 3.15 NO
121 4.0 3.0 295 0 3.325 NO
122 4.0 3.0 295 0.4 5.2 Yes
123 4.0 3.0 295 0.8 2.975 NO
124 4.0 3.0 295 1.2 3.173 NO
125 4.0 3.0 315 0 2.625 NO
126 4.0 3.0 315 0.4 2.625 NO
127 4.0 3.0 315 0-8 34 NO
128 4.0 3.0 315 1.2 4.43 NO
129 4.0 3.0 325 0 4.47 NO
130 4.0 3.0 325 0.4 5.6 Yes
131 4.0 3.0 325 0.8 3.73 NO
132 4.0 3.0 325 1.2 3.73 NO
133 4.0 4.0 295 0 17.97 Yes
134 4.0 4.0 295 0.4 5.13 Yes
135 4.0 4.0 295 0.8 8.4 Yes
136 4.0 4.0 295 1.2 3 NO
137 4.0 4.0 315 0 4.836 NO
138 4.0 4.0 315 0.4 4.836 NO
139 4.0 4.0 315 0.8 4.58 NO
140 4.0 4.0 315 1.2 4.836 NO
141 4.0 4.0 325 0 9.26 Yes
142 4.0 4.0 325 0.4 9.8 Yes
143 4.0 4.0 325 0.8 9.8 Yes
144 4.0 4.0 325 1.2 10.26 Yes
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